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Abstract 
Simultaneous electricity generation and combined carbon and nitrogen removal in wastewater using microbial fuel 
cells are an intriguing process. The generation of electricity from nitrogen-rich wastewater was examined using single 
chamber air cathode microbial fuel cells (SCMFCs).  SCMFCs were fed with an artificial wastewater containing the 
initial chemical oxygen demand (COD): total nitrogen (N) ratio of 2.5:1.0, and operated under mesophilic batch 
mode. The power density increased with increasing wastewater concentration. Performance of SCMFCs with external 
resistances, 500 and 1,000 Ω, based on maximum power density and current was compared. The SCMFCs with 500 
Ω gained higher maximum power density and current output by 12.5 and 23.3%, respectively, compared to 1,000 Ω. The 
COD and ammonium removal in 500 Ω condition was 81 and 98%, respectively. The findings suggested that MFC is 
a potential technology to treat carbon and nitrogen pollutants in wastewater, and recover electric energy at the same 
time. 
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1. Introduction 
Microbial fuel cell (MFC), a bioelectrochemical device that directly captures electrons produced by 
microbial catabolism, can be used for concurrent waste treatment and electricity generation [1].  The 
presence of high ammonium nitrogen in natural water can cause eutrophication that retrogrades water 
quality and ecosystem [2]. Many sources including domestic, agricultural, and industrial wastewaters 
contain high nitrogen content. Nitrogen-rich wastewater is an interesting feedstock for generating 
electricity in MFC.  Electron transport to the anode is either direct, through physical contact of the 
microbes via cytochrome, nanowire structures, or artificial electron shuttles (mediator). Then electron 
released transfer through wire into the cathode and proton is diffused from anodic chamber through 
proton exchange membrane to cathode chamber. Combinations of electron, proton, and the oxygen occur 
at cathode to produce water.  The purpose of this study was examined the effect of external circuit 
resistance, COD and ammonium concentration with COD:N ratio was 2.5: 1.0 in wastewater on 
electricity generation using SCMFCs.  
2. Material and methods 
2.1 SCMFCs 
SCMFCs were constructed from acrylic material with a single cylindrical chamber 4 cm long by 3 cm 
in diameter (empty bed volume of 28 mL) containing an anode and a cathode on opposite sides of the 
chamber as previously described. Anodes were made of 12.6 cm2 carbon cloth treated with 30% Teflon. 
Cathodes were made of 12.6 cm2 carbon cloth. Pt was applied to the cathode with 0.5 mg/cm2 Pt/C. 
Proton exchange membrane is Nafion 117. Nafion was allows movement of cations but 
the membranes do not conduct anions or electrons.  
2.2 Microbial seed 
The microbial seed was obtained from full-scale up flow anaerobic sludge blanket (UASB) 
Eiamburapa Industry Thailand. Coarse matter >0.5mm diameter was removed by sieving and granules 
were washed with tap water twice. To start the SCMFC, 1 mL of inoculum was injected into the anode 
chamber MFC using a syringe. 
2.3 Artificial wastewater 
The artificial wastewater for SCMFCs that modify from previous report [3] including (mg L-1) 
FeSO4.6H2O 10, MnSO4 0.526, ZnSO4.7H2O 0.106, H3BO3 0.106, CuSO4.5H2O 0.0045, NaH2PO4.H2O 
4,970, Na2HPO4.H2O 2,750, NH4Cl, MgSO4.7H2O 32, glucose and ammonium chloride with COD: N was 
2.5: 1.0. The real wastewater with high nitrogen or low COD:N ratio such as sludge digester supernatant, 
swine, municipal, landfill leachate, and some industrial wastewater (tannery, pharmaceutical, dye 
wastewater) [4]. Therefore, artificial wastewater (AW) was related to real nitrogen rich wastewater that 
fixed high nitrogen or low COD: N ratio was 2.5:1 and control pH 7.0. AW was autoclave at 121 ◦C for 
15 min before fill into MFCs. The AW was several of COD concentration between from 250 to 5,000 mg L-1 
and ammonium concentration between from 100 to 2,000 mg L-1, respectively. 
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2.4 SCMFC operation  
All SCMFC  tests were operated at two external circuit resistances of 500 and 1,000 Ω. SCMFCs were 
refilled different substrates concentration with COD: N ratio was 2.5:1.0. All tests were conducted at 
temperature 37 oC, initial pH was 7 and the cycle was operated in 12 hours. SCMFCs were acclimated in 
external circuit resistance 500 Ω until voltage and COD removal was stable approximately 1 month. 
When enrichment was finished, SCMFCs were ready to generate electricity.   
2.5 Analytical measurements 
All MFCs were monitored voltage using a digital multimeter data acquisition system (Keithley 
Instruments, Cleveland, OH). The pH was determined by a digital pH meter (Mettler Toledo, CH). Power 
(P) was calculated using P = IV (I = V/R), where I is the current (A), V the voltage (V), and R the 
external circuit resistance.  
3. Results and discussion 
3.1 Performance of SCMFCs 
The effect of COD concentration and external circuit resistance on electricity generation was showed 
in Fig 1. The highest of power density and current was obtained at organic loading of 2,500 mg COD/L.  
Power generation was proportion to high COD concentration of wastewater. Therefore, it can be expected 
that high power densities could have been achieved in this system with high concentrated wastewater [5]. 
The maximum current and power density was 0.3 mA and 80.8 mW cm-2, respectively. The COD and 
ammonium removal was 81.1% and 98.5%, respectively. The suitable concentration of COD and 
ammonium for MFC was 2,500 mg L-1 due to the highest production and treatment efficiency. pH in the 
system was 6.7 that nearby pH 7. The highest electricity was obtained from pH 7[6]. Therefore, 
concentration 2,500 mg COD L-1 was good condition for nitrogen rich wastewater in SCMFCs. 
 
 
 
 
 
 
 
 
 
 
 
Fig 1: Maximum power output at varied COD concentration at 500(   ) and 1,000 (   ) Ω. Maximum current output at 
varying COD concentrations at 500 (  ) and 1,000 (  ) Ω. Symbols and histograms represent mean values of duplicate 
experiments, and error bars represent one standard deviation. 
3.2 Pollution removal   
The pollution removal efficiency was increased with high COD concentration. The average of COD 
removal efficiency was 4.5% to 81.5% when operated COD concentration of 250 to 5,000 mgL-1, 
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respectively. The percentage of ammonium removal was approximately 95.5-98.6% (Fig 2). Comparative 
of treatment efficiency in this study was nearby previously reported (fixed biofilm system). In previous 
reported [7], COD and ammonia removal were 92.4 and 98.8%, respectively. Thus, SCMFCs can be able 
to simultaneous electricity generation and pollutant removal in nitrogen-rich wastewater. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2: Treatment efficiency of pollution removal (ammonium remove    , COD remove   ). Histograms represent mean 
values of duplicate experiments, error bars represent one standard deviation. 
4. Conclusion 
The current work demonstrated the simultaneous treatment efficiency and electricity generation was 
accomplished in SCMFCs fed with nitrogen rich wastewater. Organic carbon and nitrogen are removed 
out of the wastewater at the same time. The current work showed higher current gained from the 
wastewater compared to the previous study [8]. The COD concentration 2,500 mg L-1 was showed the 
highest of performance and treatment efficiency. The maximum current and power density was 0.3 mA 
and 80.8 mW cm-2, respectively. The COD and ammonium removal of 2,500 mg L-1 was 81.1% and 
98.5%, respectively. The pH in the system was 6.7 that nearby pH 7. The highest electricity was obtained 
at pH 7 [6]. Hydrogen production was decreased when pH was decreased nearby 6. Therefore, 
concentration 2,500 mg COD L-1 was good condition for nitrogen rich wastewater in SCMFCs. 
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